ABSTRACT
INTRODUCTION
Dental plaque is associated with two of the most prevalent diseases affecting industrialized societies (caries and periodontal diseases). 1 As treatments have been developed and have become more effective for caries and periodontal diseases, individuals retain their natural teeth longer, so the incidence of oral complaints increases. 2 Because of the key role of dental plaque in creation of gingivitis, which is a prerequisite for the development of periodontitis, mechanical plaque control including hand and ultrasonic scaling has become the cornerstone of periodontal therapy. 3, 4 Ultrasonic devices in addition to hand instrumentation are extensively applied in current dentistry for the removal of dental calculus. 5, 6 The effects of ultrasonic scalers on hard tissues in the oral cavity, which has become the most widely used technique for removing calculus and plaque, are well documented.
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The ideal instrument for the initial phase of periodontal therapy should enable to eliminate all external substances from the root surfaces without any iatrogenic damages. 11 It has been shown that hand instrumentation tends to result in smoother root surfaces than ultrasonic scaling, 12 while great technical advancement in ultrasonic devices over the past few years has tended to increase the use of current ultrasonic devices. 13 Less time may be required for periodontal treatment when ultrasonic instrumentation is used instead of manual instrumentation. 6 In cervical lesions, various restorative materials can be inserted, such as amalgam, composite resin, and glass ionomer, which can be affected by application of scalers. 14 The use of glass ionomer cements has increased since their introduction in the 1970s, because they have many characteristics of an ideal restorative material, such as similarity to tooth color, uniting with tooth structure, radiopacity, releasing fluoride over time, inhibiting demineralization, tissue compatibility, and contributing remineralization of adjacent dentin. [15] [16] [17] [18] Furthermore, they are the most used filling material for minimally invasive restorations. 19 The longevity of composite resin restorations is directly related to some factors, such as marginal seal and good adaptation to the cavity walls of the preparation. 20 A suitable marginal seal reduces the capacity of plaque and calculus accumulation at the restoration margin and is an important goal of clinical restorative dentistry. 21, 22 In spite of significant improvements in the formulation of composite resins and dentin bonding agents, the deterioration of the marginal seal due to microleakage remains a major problem. [23] [24] [25] [26] [27] [28] Although dental amalgam has many advantages as a restorative material, such as strength, durability, and ease of use, microleakage has been identified as a significant problem with amalgam due to interfacial gap formation, which can lead to tooth discoloration, pulp irritation, and secondary caries. 29, 30 In spite of the fact that the validity of microleakage assessment as a predictor of the clinical performance of restorative materials is uncertain and no laboratory test can coincidentally mimic all the conditions encountered in the oral environment, it has been advocated that research should be focused on laboratory examinations. 31, 32 Hence, the purpose of this study was to examine the marginal seal of class V glass ionomer, composite resin, and amalgam restorations after subjecting them to hand instrumentation and ultrasonic scaling. The tested null hypothesis was that the type of restorative material would affect the microleakage after subjecting them to hand and ultrasonic scaling.
MATERIALS AND METHODS
In the present experimental study, 30 sound human first premolars of comparable crown length and size, extracted for orthodontic reasons, were selected. The teeth were stored in a 0.1% thymol solution at room temperature for up to 7 days after extraction and were sequentially debrided with slurry of pumice. Teeth with any sign of crack, caries, previous restorations, and filled canals were excluded from the study. A high-speed handpiece (KaVo America, Lake Zurich, Illinois, USA) and water spray mounted on a milling machine were used to control the tooth-bur angle and standardize cavity preparation. In each tooth, nonbeveled buccal and lingual cavities (4 mm mesiodistal width, 3 mm occlusogingival height, and 2 mm depth) were made with a cylindrical carbide bur (D&Z 008, Berlin, Germany). The experimental cavity was located at the cementoenamel junction (CEJ), with one-half of the cavity margin in enamel and one-half in root cementum. Preparation depth was determined with a periodontal probe, while a digital caliper (Mitutoyo, Tokyo, Japan) was used to measure the width and height. A 90° cavosurface margin was prepared with an enamel hatchet. The teeth were randomly assigned to three groups of 10 teeth (20 experimental cavities). 1. Glass ionomer group: Each prepared cavity was filled with glass ionomer material using a syringe tip (Centrix C-R Syringe System, Centrix, CT, USA), then covered with a plastic strip until set. The Fuji II LC was exposed, using a halogen light curing unit with an output of 670 mW/cm 2 (XL2500, 3M ESPE, St. Paul, MN, USA) under indirect sunlight with irradiation time of 20 seconds. Conditioning the surfaces of the preparations was not performed since bonding was expected without conditioning.
Composite group:
The cavities were etched with 35% phosphoric acid (3M ESPE, St Paul, MN, USA) for 15 seconds, rinsed for 15 seconds, and mildly airdried for 2 seconds. Adhesive system single bond was applied with a brush; gently air thinned and light cured for 10 seconds. The resin composite (Filtek Z100, 3M ESPE, St. Paul, MN, USA) was placed in three increments using incremental technique, and each increment was cured for 40 seconds according to the manufacturer's instructions, using the light source described previously. Before curing procedure, the intensity of the light source was verified with a digital radiometer (Jetlite Light Tester, J. Morita USA, Mason Irvine, CA, USA). 3. Amalgam group: Amalgam (SDI GS-80; SDI Limited, Bayswater, Victoria, Australia) was triturated at speeds and times prescribed by the manufacturer and placed into the cavity using conventional instruments and techniques. The materials used in this study and their characteristics are shown in Table 1 .
After the specimens were stored in an incubator (Behdad incubator, Iran) at 37°C and 100% relative humidity for 24 hours, the final finishing and polishing procedures were performed. Excess glass ionomer material was removed by wet grinding with silicon carbide paper (#1000), followed by polishing using an aqueous slurry of 0.3 µm aluminum oxide (Alfa Micropolish; Buehler Ltd, Lake Bluff, Illinois, USA) and complete rinsing with distilled water. For finishing the composite restorations, diamond finishing burs (Ultradent Products Inc., South Jordan, UT, USA) were used. Final polishing was done by the Enhance finishing system disk and cups (Dentsply, DeTrey, Konstanz, Germany). To perform finishing and polishing procedures for amalgam group, Dura-Green finishing stones (Shofu Inc., Kyoto, Japan) and Amalgam polishing kits (Shofu Inc., Kyoto, Japan) were used. Then, the teeth were subjected to thermocycling procedure for 1,000 cycles between 5 and 55°C water baths and a 1-minute dwell time. All specimens were prepared, restored, finished, and polished by the same investigator to ensure standardization.
Then, each group was randomly subdivided: • Margins of 30 restorations (15 teeth) were exposed to hand instrumentation procedures by applying 10 working strokes in vertical direction using a new and sharpened Gracey-curette 7 to 8 (Hu-Friedy Mfg. Co., Inc., Chicago, Illinois, USA) by the same operator, who performed an effective planning with a 60 to 70° working angle and applying an appropriate amount of pressure during the strokes.
• Margins of 30 restorations (15 teeth) were exposed to a coated titanium nitride periodontal tip mounted on a piezoelectric ultrasonic handpiece (Piezolight 5; Castellini Spa, Castel Maggiore, Bologna, Italy) working at 25 kHz for 10 seconds (about 10 strokes) used in a vertical direction under copious and constant irrigation with a 10 to 15° working angle and applying an appropriate amount of pressure (~5N).
All of the tooth surfaces were covered with two layers of nail polish, except the restoration and a 1-mm wide circumferential collar. The teeth were then immersed in 2% basic fuchsin solution for 24 hours. Shallow notches were prepared on the outer surfaces of the roots of the teeth, and then the teeth were vertically mounted in selfcure acrylic resin (Meliodent, Heraeus Kulzer, Hanau, Germany) within 2 mm of the CEJ. A dental surveyor (Degussa-Ney, Yucaipa, CA, USA) was used to vertically align the long axis of each tooth. The specimens were serially sectioned mesiodistally with a water-cooled lowspeed diamond saw (Isomet 1000, Buehler Ltd, Lake Bluff, Illinois, USA) after mounting procedure. Each section was examined under a stereomicroscope (MBC-10, Number N9116734, SF-100B, Lomo, Russia) at 16× magnification by the same investigator. The extent of microleakage was ranked using the following 0 to 4 scale at both occlusal and cervical margins of the restorations.
Extent of dye penetration into occlusal margins: • 0 -No dye penetration • 1 -Dye penetration limited to the dentinoenamel junction (DEJ) • 2 -Dye penetration past the DEJ up to one-half of cavity depth • 3 -Dye penetration past the DEJ involving entire cavity depth • 4 -Dye penetration past the entire cavity depth into the underlying tooth structure. Extent of dye penetration into cervical margins: • 0 -No dye penetration • 1 -Dye penetration up to one-third of the cavity depth • 2 -Dye penetration up to two-thirds of the cavity depth • 3 -Dye penetration involving entire cavity depth • 4 -Dye penetration past the entire cavity depth into the underlying tooth structure. Average values were obtained and the data were analyzed initially using the Kruskal-Wallis test, followed by multiple comparisons using the Mann-Whitney U-test and Wilcoxon test. All statistical analyses were performed at the 5% level of significance.
RESULTS
Kruskal-Wallis test indicated that the type of restorative material had a significant influence on dye penetration, whether in the enamel margin or in the dentinal margin (p < 0.001) ( Table 2 ). Mann-Whitney U-test revealed no statistical differences in dye penetration between scaling methods (hand instrumentation and ultrasonic scaling), neither at the enamel margins (p > 0.05) nor at the dentinal margins (p > 0.05). The microleakage of glass ionomer group was statistically greater than two other groups (p < 0.001). However, there was insignificant difference between amalgam and composite groups, either at the enamel margin or at the dentinal margin (p > 0.05), in both hand instrumentation group and the ultrasonic scaling group (p > 0.05) ( Table 2) .
Wilcoxon test indicated that in glass ionomer group, no statistical differences were found between enamel and dentinal margins in terms of dye penetration (either in hand instrumentation method or in the ultrasonic scaling method), but it was significant in amalgam group. In composite group, it was significant only in hand instrumentation method (Table 3) .
DISCUSSION
The aim of this study was to determine the effects of two different types of instrumentation on the microleakage of three major types of restorative materials. The selection of restorative materials for this investigation was based on several parameters. First, all of these materials have been widely used in class V preparations based on clinician choice and patient condition. Second, there was no study comparing all these restorative materials together regarding microleakage due to scaling. Third, they had different marginal sealing mechanisms leading to obtain possibly different results.
We combined our microleakage test with thermocycling because it is a useful in vitro method to assess sealing performance. The use of a large number of thermal cycles can simulate the conditions of restorative materials in the oral environment leading to predicting the in vivo performance of the restorations in a more accurate manner. 33 The results of this study partially support rejection of the null hypothesis. Several studies have investigated the effects of ultrasonic scaling on the microleakage of restorations. [34] [35] [36] [37] The results are confusing probably due to differences in test conditions, microleakage evaluation techniques, type of restorative/adhesive material used, cavity types and dimensions, and number of specimens. According to the results of this study, the glass ionomer group [Fuji II LC] was found to exhibit considerably more dye penetration in both enamel and dentinal interfaces than the other groups (amalgam and composite resin). This observation is in agreement with previous investigations that showed differences between these materials. 38, 39 This increased microleakage may be due to glass ionomer shrinkage during the setting reaction. 40 Therefore, a marginal gap will form if the adhesion between the tooth and material does not compensate for the stress applied by glass ionomer shrinkage. Despite the fact that water absorption is effective in reducing this stress, 41 however, hygroscopic expansion does not fully compensate for the shrinkage caused by the setting reaction even after 1 week. 38 We polished glass ionomer restorations after 1 day of filling procedure, because it has clearly demonstrated that polishing a glass ionomer restoration should not be performed immediately after the filling and setting procedures and should be delayed at least 24 hours (as this time is required to obtain adequate mechanical strength, which is closely related to its bond strength). 38 Marginal leakage, which is due to deterioration of the marginal seal, is the most frequent reason for replacing composite restorations. 31 In this investigation, there was no difference between hand instrumentation and ultrasonic scaling within all groups, but our findings are inconsistent with one study which concluded that the use of ultrasonic scaling for 15 seconds on composite resin restoration margins rendered these restorations unserviceable. 34 This may be due to the development of advanced ultrasonic instruments since then, which has led to less harmful effects on the teeth and restorations. It has been shown that there is less microleakage at enamel margins compared to cervical dentin. 28 Our results are inconsistent probably due to insufficient samples used in this study. The early microleakage scores of the restorative materials were allocated based on the scale provided, to prevent any confounding effect of the amalgam selfsealing capability over time. 42 In one investigation, it was confirmed that zinc in amalgam alloys is responsible for the more rapid corrosion of amalgam. The microleakage was evaluated after 1 week and the corrosion products were observed in the margins of restorations. 43 Hence, low leakage scores in the amalgam restorations of the current investigation can be related to corrosion sealing of the zinc-containing alloy used in other studies. 29, 43 Another reason for low amalgam microleakage scores may be due to low-dimensional changes of high copper alloy used in this study because high copper alloys show the lowest dimensional changes. 44 These results should be interpreted with caution since it is difficult to extrapolate the findings of this and other similar in vitro investigations to the behavior of these restorative materials in the oral environment. Furthermore, there are no standardized and certain assessment techniques to compare the results of different studies. It is important to keep in mind that these results may vary between different clinicians and different types of instruments. For the glass ionomer group, this investigation was carried out without the use of a conditioning agent which may enhance the adhesion of the material to tooth structure. A more valid approach with the use of conditioning agent for the glass ionomer material requires further investigation.
CONCLUSION
Within the limitation of this in vitro study, the following conclusions were reached:
• Type of restorative material had a significant influence on microleakage. The microleakage of glass ionomer group was statistically greater than two other groups.
• No statistical differences were found in dye penetration between scaling groups (hand instrumentation and ultrasonic scaling), neither at the enamel margins nor at the dentinal margins.
